Abstract Purpose: Angiomatoid fibrous histiocytoma (AFH) is a low-grade mesenchymal neoplasm which usually occurs in children and adolescents. Either FUS-ATF1 or EWSR1-ATF1 have been detected in the few cases published, pointing to the interchangeable role of FUS and EWSR1 in this entity. EWSR1-ATF1 also represents the most frequent genetic alteration in clear cell sarcoma, suggesting the existence of a molecular homology between these two histotypes.We investigated the presence of EWSR1-CREB1, recently found in gastrointestinal clear cell sarcoma, and FUS-CREB1, as well as the already reported FUS-ATF1 and EWSR1-ATF1 in a series of AFH. Experimental Design: Fourteen cases were analyzed by fluorescence in situ hybridization (FISH) on paraffin-embedded tissue sections, using a commercial EWSR1 probe and customdesigned probes for FUS, ATF1, and CREB1. In two cases, four-color FISH was also done. Reverse transcription-PCR for the four hypothetical fusion genes was done in one case, for which frozen material was available. Results:Thirteen cases showed rearrangements of both EWSR1 and CREB1, whereas one case showed the rearrangement of both EWSR1 and ATF1. Four-color FISH confirmed the results in two selected cases. Reverse transcription-PCR showed EWSR1-CREB1 transcript in the case analyzed. Conclusion: We identified the presence of either EWSR1-CREB1 or EWSR1-ATF1 in all the cases, strengthening the concept of chromosomal promiscuity between AFH and clear cell sarcoma. Either the occurrence of a second unknown tumor-specific molecular event or, perhaps more likely, divergent differentiation programs of the putatively distinct precursor cells of AFH and clear cell sarcoma might be invoked in order to explain the two different phenotypes.
Angiomatoid fibrous histiocytoma (AFH) represents a lowgrade mesenchymal neoplasm of uncertain differentiation (1) , which usually occurs in the extremities of children and young adults. Morphologically, it is a multinodular proliferation of bland spindle to ovoid eosinophilic cells, sometimes lining pseudoangiomatoid spaces and surrounded by a thick fibrous pseudocapsule, often featuring a prominent lymphoplasmacytic infiltrate. Immunohistochemically, the most relevant finding is represented by the expression of desmin in f40% of cases, suggesting myogenic differentiation (2, 3) . The recurrence rate is between 2% and 11%, and the metastatic rate is <1%. In the context of an uncommon tumor type with a very low rate of metastasis, it is unsurprising that no histologic or immunophenotypic features have thus far been identified to predict patients' outcome.
Until recently, only five cases of AFH studied by cytogenetics (4, 5) and/or molecular genetics (4 -7) have been published in detail. Two of them were characterized by the expression of an FUS-ATF1 fusion gene (4, 6) , resulting from a t(12;16) (q13;p11) (ref. 4) , whereas in the remaining three cases, a EWSR1-ATF1 fusion gene was detected (5, 7) , resulting from a t(12;22)(q13;q12) (ref. 5 ). EWSR1 and FUS are members of the TET family, characterized by COOH-terminal RNA-binding domains, which are believed to act as adaptors between transcription and RNA processing (8) . The ATF1 gene encodes a member of the CREB-ATF basic leucine-zipper family of transcription factors, which regulate cell gene expression via homodimeric or heterodimeric DNA-binding to cyclic AMP response elements (9) . As a consequence of the fusion of the NH 2 terminus of FUS/EWSR1 with the COOH terminus of ATF1 and the replacement of FUS/EWSR1 RNA-binding domain by ATF1 DNAbinding domain, FUS/EWSR1-ATF1 chimeric proteins might activate transcription independently of cyclic AMP induction.
Interestingly, both FUS and EWSR1 are involved in recombinations as 5 ¶ partners in multiple different tumor types and seem to be functionally interchangeable at least in some of them. In fact, besides the fusion with ATF in AFH, both of them rearrange with ERG in Ewing's sarcoma (10, 11) and with DDIT3 in myxoid liposarcoma (12, 13) . Furthermore, four different types of EWSR1-ATF1 transcript, only three of which were in-frame, including one identical to that reported in AFH (5, 7) , have been detected in clear cell sarcoma of soft tissue (14, 15) , suggesting the existence of shared genetic mechanisms between AFH and clear cell sarcoma. The recent description of a novel fusion gene, i.e., EWSR1-CREB1, in gastrointestinal clear cell sarcoma, raises the possibility that ATF1 and CREB1 might also be functionally interchangeable (16) .
The genetic parallelism between AFH and clear cell sarcoma, and the functional homology of EWSR1 and FUS, represent a rationale to investigate, in addition to the already reported fusion genes (i.e., FUS-ATF1 and EWSR1-ATF1), the presence of EWSR1-CREB1 and FUS-CREB1 in AFH. In fact, recent data presented in abstract form earlier this year (17, 18) , and now very recently published in full (19) , have shown that FUS-ATF1 and EWSR1-ATF1 characterize only a subgroup of AFH and that the most frequent event in AFH indeed seems to be an EWSR1-CREB1 rearrangement.
In this study, we assessed the prevalence of FUS/EWSR1-ATF1/CREB1 fusion genes as detected by fluorescence in situ hybridization (FISH) in a series of 14 cases of AFH. We also investigated the presence of all four possible fusion transcripts by reverse transcription-PCR (RT-PCR) in one case for which frozen material was available.
Materials and Methods
Patients and tumor samples Twenty-two cases of AFH with paraffin blocks were retrieved from the consultation files of two of the authors (C.D.M. Fletcher and A.P. Dei Tos) and from the Pathology Department of the Catholic University of Leuven (Leuven, Belgium). Among these, 14 cases, in which adequate tumor tissue for FISH analysis was available, were selected for our study. In addition, frozen tissue was available in one case. Six patients were female and eight were male. Patients' ages ranged from 4 to 37, with a median of 14. Eight tumors were located in the lower extremities, four in the upper extremities and two in the trunk. Clinical information about the depth of the tumors were available in all the cases but one. Four tumors were deep-seated, including three tumors located below the fascia and one tumor located in the prepatellar region, whereas nine tumors were subcutaneous. Patients' clinical data are summarized in Table 1 . Morphologically, all lesions showed typical features of AFH, being composed of multinodular proliferation of spindle and ovoid palely eosinophilic cells with a syncytial appearance ( Fig. 1A and B) . In five cases, prominent pseudovascular spaces filled with RBC were observed (Fig. 1C) . In four cases, a peripheral lymphoplasmacytic infiltrate and stromal fibrosis were prominent. Cellular pleomorphism was diffuse in one ( Fig. 1D ) and focal in three cases.
FISH
Probe selection and labeling. Two-color FISH for EWSR1, FUS, ATF1, and CREB1 was done on each case. To detect possible rearrangements of FUS gene at region 16p11, two bacterial artificial chromosomes (BAC) clones, RP11-196G11, proximal to the breakpoint, and RP11-120K18, distal to the breakpoint, were selected. To investigate ATF1 at region 12q13.13, BAC clones RP11-189H16 proximal to the breakpoint and RP11-407N8 distal to the breakpoint, were chosen. For CREB1 at region 2q33.3, we selected two contiguous fosmid clones distal to the breakpoint, G248P81788B12 and G248P89268A6, which were pooled to enhance the signal, and a BAC clone, RP11-167C7 proximal to the breakpoint. All BAC clones were obtained from Wellcome Trust, Sanger Institute. Fosmid clones were obtained from BACPAC Resources. Detailed data about BAC and fosmid clones are summarized in Table 2 . DNA from all the BAC and fosmid clones was extracted according to the High pure plasmid isolation kit (Roche Diagnostics GmbH). For EWSR1, a commercial split-signal EWSR1 probe (SPoT-Light EWS Translocation Probes; Zymed, Invitrogen), which contains a digoxigenin-labeled proximal part and a biotin-labeled distal part of the EWSR1 regions, was used.
For the two-color FISH, the probes were labeled either with biotin-11-dUTP or digoxigenin-11-dUTP (Boehringer Mannheim) using a nick translation labeling kit (Boehringer Mannheim and Enzo) according to the manufacturer's instructions. All probes were hybridized on metaphase spreads of lymphocytes to confirm chromosomal location and specificity (data not shown).
For four-color FISH, the CREB1 proximal probe RP11-167C7 and the ATF1 proximal probe RP11-189H16 were labeled by nick translation with Cy5, whereas CREB1 distal probes G248P81788B12 and G248P89268A6 and ATF1 distal probe RP11-407N8 were labeled with Cy3. Four-color FISH for EWSR1-CREB1 and for EWSR1-ATF1 was done on two different cases, in which either EWSR1 and CREB1 or EWSR1 and ATF1, respectively, were rearranged by two-color FISH (Fig. 3) . Prehybridization, hybridization, and posthybridization treatment of paraffin-embedded tissue sections. Four-micrometer deparaffinized ethanol-dehydrated tissue sections were boiled in 50 mmol/L of TrisHCl/2 mmol/L EDTA-buffer at pH 9 with a pressure of 1 atm. for 7 min and rinsed with 2Â SSC at room temperature. They were subsequently soaked in preheated 1 mol/L of sodium sulfocyanate at 80jC for 45 min, allowed to cool in bidistillated water and rinsed with 2Â SSC. They were then incubated with RNase (100 Ag/mL) at 37jC, washed twice in 2Â SSC, incubated with 4% pepsin/0.02 mol/L HCl at 37jC for 20 min, washed three times with PBS, and ethanol-dehydrated. The labeled DNA probes, except for EWSR1, were diluted in hybridization mixture (60% formamide, 10% dextran sulfate, and 2Â SSC; pH 7) to a final concentration of 1 ng/AL. Eleven microliters of hybridization mixture were added onto the slides and probe and target DNA were denatured for 10 min at 80jC. After overnight hybridization at 37jC, two 5-min washes with 2Â SSC/0.1% Tween 20 at 37jC, two 5-min washes with 50% formamide/2Â SSC at 44jC, one 5-min wash in 2Â SSC/0.1 Tween 20 at 44jC, two 5-min washes with 0.1Â SSC at 60jC, and one 5-min wash in 1Â TBS/0.05% Tween 20 (TNT) at room temperature were done.
For the two-color FISH, all the probes were detected with an indirect method. Sections were incubated with Cy3-labeled streptavidin (1:500; Sigma) and FITC-labeled mouse antidigoxigenin antibody (1:250; Sigma) at 37jC for 30 min. After three 5-min washes with TNT, sections were incubated with FITC-labeled rabbit anti-mouse antibody (1:1,000; Sigma).
For the four-color FISH, because ATF1 and CREB1 probes were directly labeled, only the EWSR1 commercial probe was revealed with an indirect method. Sections were incubated with FITC-labeled mouse antidigoxigenin antibody (1:250; Sigma) and streptavidin LaserPRO 790 (1:250; Molecular Probes, Invitrogen) for 30 min at 37jC. After three 5-min washes with TNT, they were incubated with FITC-labeled rabbit anti-mouse antibody (1:1,000; Sigma) and biotin-labeled goat anti-streptavidin antibody (1:500; Vector Laboratories) with the same conditions. Sections were subsequently washed again three times with TNT and incubated with streptavidin LaserPRO 790 (1:250; Molecular Probes, Invitrogen) for 30 min at 37jC. All the antibodies used were diluted with 0.5% Boehringer blocking reagent/1Â TBS (TND). Either for the two-color FISH or for the four-color FISH, after the last antibody incubation, sections were washed thrice with TNT, ethanol-dehydrated, and counterstained with 4 ¶,6-diamidino-2-phenylindole.
Scoring. FISH evaluation was done by counting at least 100 nuclei for each slide. In the samples which showed an abundant reactive lymphoid infiltrate surrounding the tumor, both normal and tumor regions were scored. Nuclei with an incomplete set of signals were omitted from the score. Signals were considered colocalized when their distance was equal to or smaller than the size of the hybridization signal. The mean percentage of cells with false split signals for FUS, ATF1, EWSR1, and CREB1 probes, calculated by scoring the nonneoplastic tissue at the peripheral areas, was <1%. For the two-color FISH, only cases with a complete pattern of two separate red and green signals, and one colocalized or fused signal were considered as rearranged, whereas cases with two colocalized or fused signals were considered as nontranslocated. For the four-color FISH, on nontranslocated cells, the simultaneous hybridization of the four differentially labeled probes was expected to result in a colocalization or fusion of the green and red signals for the normal EWSR1 gene and of the magenta and blue signals either for the normal ATF1 or for the normal CREB1. In case of either EWSR1-CREB1 or EWSR1-ATF1 rearrangement, the green signal of the proximal part of EWSR1 was expected to colocalize with the blue signal of the distal part of either CREB1 or ATF1, respectively. Additionally, in case of a balanced translocation, the magenta signal of the proximal part of either CREB1 or ATF1 was expected to colocalize with the red signal of the distal part of EWSR1.
RT-PCR
Frozen tissue was available in one case. RNA was extracted as previously described (20) . Two micrograms of total RNA was reversetranscribed with avian myeloblastosis virus reverse transcriptase (Roche). RT-PCR for FUS-ATF1, FUS-CREB1, EWSR1-ATF1 , and EWSR1-CREB1 was done. RT-PCR for each of the nontranslocated genes was also done. Table 3 . Different primer combinations were used. To detect FUS-ATF1 rearrangement, the primers 1 (4) and 8 (6) and the primers 2 (4) and 9 (4) were used with an annealing temperature of 60jC and 64jC, respectively. To detect FUS-CREB1 rearrangement, the primers 1 (4) and 11 (16) and the primers 2 (4) and 12 (16) were used with an annealing temperature of 60jC and 64jC, respectively. To investigate possible EWSR1-ATF1 and EWSR1-CREB1 rearrangements, the primers 5 (our) and 8 (6) and the primers 5 (our) and 12 (16) were used with an annealing temperature of 60jC. To detect the normal genes, the primers 1 (4) and 3 (4) for FUS, the primers 7 (4) and 9 (4) for ATF1, and the primers 10 (our) and 11 (16) for CREB1 were used with an annealing temperature of 53jC, whereas the primers 7 (4) and 8 (6) for ATF1, the primers 1 (4) and 4 (4) for FUS and the primers 5 (our) and 6 (our) for EWSR1 were used with an annealing temperature of 58jC. All PCR reactions consisted of initial denaturation of 4 min, 35 cycles of 30 s at 94jC, 30 s at the annealing temperature chosen for each primer set and 1 min at 72jC, followed by a final extension of 10 min at 72jC. Ten microliters of the PCR products were analyzed by electrophoresis through 1.5% agarose gels stained with ethidium bromide and photographed. For sequence analysis, the amplified cDNA fragment was purified from the gel, using the Qiagen gel extraction kit (Qiagen) and directly sequenced using the dideoxy procedure with an ABI Prism BigDye terminator cycle sequencing ready reaction kit (PE Applied Biosystems) on the Applied Biosystems model 373A DNA sequencing system.
Results
FISH. Two-color FISH for FUS, EWSR1, ATF1, and CREB1 genes was done on 14 cases. Thirteen cases showed rearrangement of both EWSR1 and CREB1 genes, indicating the occurrence of a t(2;22) in these cases ( Fig. 2A and B) . In nine cases, the number of rearranged cells ranged between 50% and 95%. In four cases, which were morphologically characterized by an abundant inflammatory infiltrate, the number of translocated cells ranged between 10% and 20%. Because these cases showed similar split ratios when analyzed by multiple FISH tests using EWSR1 and CREB1 probes in separate reactions, the presence of a small tumor clone diluted in an abundant reactive background was convincingly proved. Moreover, these cases showed a <1% split signal when analyzed by the ATF1 and FUS FISH.
In one case, which was morphologically characterized by a remarkable degree of pleomorphism (Fig. 1D ), besides cells with one colocalized green/red signal, one green signal, and one red signal; cells with two colocalized signals, two red signals, and one green signal; and cells with two colocalized signals, two green signal, and one red signal were also seen, suggesting that this was a polyploid case with an unbalanced translocation. When hybridized with FUS and ATF1 probes, this case showed a proportion of nuclei with multiple colocalized signals, confirming that it was polyploid. One of 14 cases showed the rearrangement of both EWSR1 and ATF1 genes in 60% of cells, pointing to the presence of a t(12;22) in this case (Fig. 2C) . Notably, none of the cases showed a rearrangement of the FUS region.
Four-color FISH was done on two selected cases, in which the signals colocalized, as expected ( Fig. 3A and B) , confirming EWSR1-CREB1 rearrangement in one case (Fig. 3C) and EWSR1-ATF1 rearrangement in another case, which had been already detected by two-color FISH. FISH results are summarized in Table 1 .
RT-PCR. RT-PCR for FUS-ATF1, FUS-CREB1, EWSR1-ATF1, and EWSR1-CREB1 fusion genes was attempted in one case for which frozen material was available. A strong band of 453 bp was obtained (Fig. 4A) , by using a forward primer located in exon 6 of EWSR1 and a reverse primer located in exon 7 of CREB1 (Fig. 4B) . Direct sequencing of the product confirmed the presence of a EWSR1-CREB1 chimeric transcript with a junction between EWSR1 exon 7 and CREB1 exon 7 (Fig. 4C) . None of the other three possible chimera (EWSR1-ATF1, FUS-CREB1, and FUS-ATF1) were identified. PCR for EWSR1-ATF1 showed a band of the expected size only in the clear cell sarcoma cell line used as control. As control reactions, PCR for the normal genes showed bands of the expected sizes: 457 and 525 bp for FUS when primer 1 was used together with primers 3 and 4, respectively, 738 and 469 bp for ATF1 when primer 7 was used with primers 9 and 8, respectively (Fig. 4A) , and 462 bp for CREB1 and 799 bp for EWSR1.
Discussion
Until recently, five cases of AFH with cytogenetic and molecular data have been published in detail. Two of them were characterized by t(12;16) (q13;p11) with FUS-ATF1 fusion gene (4, 6) , whereas the remaining three cases harbored a t(12;22) (q13;q12) with EWSR1-ATF1 fusion gene (5, 7). Because it was known that AFH and clear cell sarcoma share the EWSR1-ATF1 fusion gene (5, 7), and because the EWSR1-CREB1 fusion gene had recently been detected in clear cell sarcoma of the gastrointestinal tract (16), we selected specific probes for FUS, ATF1, and CREB1 genes and used them together with a EWSR1 commercial probe to test 14 cases of formalin-fixed paraffin-embedded AFH for FUS/EWSR1-ATF1/ CREB1 rearrangements. In our series, all cases but one showed EWSR1-CREB1 rearrangement, indicating the presence of a t(2;22)(q34;q12). One of the EWSR1-CREB1 rearranged cases, which was characterized by a remarkable degree of nuclear pleomorphism, proved to be a polyploid case, which might bear an unbalanced translocation, suggesting, in some cases, the occurrence of more complex karyotypes. However, this molecular feature does not seem to adversely affect the prognosis because the patient has not shown any sign of relapse 7 years after the excision. Furthermore, we confirmed the presence of EWSR1-CREB1 fusion transcript by RT-PCR in the case for which frozen material was available. The transcript was characterized by the fusion of exon 7 of EWSR1 and exon 7 of CREB1, similarly to the one reported in cases of gastrointestinal clear cell sarcoma (16) . Although there were no critical methodologic differences between our study and the previous reports, we could not find any FUS-ATF1 rearrangement and only one case with EWSR1-ATF1 rearrangement, suggesting that these are rare molecular events in AFH. Interestingly, the EWSR1-CREB1 rearrangement was detected in the majority of AFH, therefore confirming and expanding data presented in abstract form earlier this year (17, 18) and now very recently published in full (19) . We could not identify any correlation between fusion transcript type and either clinical or pathologic variables, such as patients' age and sex, and the tumors' site, size, or depth in our series. Additionally, no significant clinicopathologic differences were found between the cases in our series and the cases previously published (4 -7). However, given the diagnostic difficulty which AFH quite often poses, due to its morphologic variability, our findings do support a new and expanded role for molecular diagnosis in these tumors.
Nonrandom balanced translocations are generally considered tumor-specific and pathogenetically relevant and therefore are used as diagnostic criteria. Two models have been proposed to explain their supposed specificity (21) . In the instructive model, the fusion gene resulting from the translocation would instruct the cell to follow a specific program of differentiation through gene expression changes, with consequent development of a specific tumor phenotype. Alternatively, in the context-dependent model, the specificity would be determined by a selection process for which only one or a limited number of cell lineages, with a particular chromatin status in specific regions and/or with certain survival pathways, would allow the occurrence of a specific translocation and/or would tolerate its biological consequences. However, an increasing number of examples of chromosomal promiscuity have been detected in recent years, for example, the ETV6-NTRK3 fusion gene, which is found in infantile fibrosarcoma, mesoblastic nephroma, Fig. 2 . Overview of interphase FISH results on formalin-fixed paraffin-embedded tissue. A, a case showing EWSR1 rearrangement by interphase FISH using EWSR1 break-apart probe (Zymed). Proximal and distal EWSR1 regions are hybridized by separate probes (green and red, respectively). The presence of separate green and red signals indicates a rearrangement of the EWSR1 region on chromosome 22 (arrows), whereas colocalized signals represent the normal EWSR1 region on chromosome 22 (arrowhead). B, the same case as in (A) with CREB1 rearrangement. The distal CREB1 region is hybridized to two contiguous fosmid probes, G248P81788B12 and G248P89268A6, labeled with biotin-11-dUTP and revealed by Cy3-labeled streptavidin (red), whereas the proximal CREB1 region is hybridized to the BAC probe RP11-167C7, labeled with digoxigenin-11-dUTP, and revealed by FITC-labeled mouse antidigoxigenin antibody (green). Although separate green and red signals indicate the rearrangement of CREB1 region on chromosome 2 (arrows), colocalized signals represent the normal CREB1 region on chromosome 2 (arrowhead). C, only one case showed ATF1 rearrangement. The proximal ATF1 region is hybridized to the BAC probe RP11-189H16, labeled with digoxigenin-11-dUTP, and revealed by FITC-labeled mouse antidigoxigenin antibody (green), whereas the distal ATF1 region is hybridized to the BAC probe RP11-407N8, labeled with biotin-11-dUTP, and revealed by Cy3-labeled streptavidin (red). Rearrangement of the ATF1 region on chromosome 12 is indicated by the presence of separate red and green signals (arrows), whereas colocalized signals represent normal ATF1 region on chromosome 12 (arrowhead).
acute myeloid leukemia, and secretory breast carcinoma or the ASPSCR1-TFE3 fusion gene, which represents a shared genetic aberration of both alveolar soft part sarcoma and pediatric forms of renal cell carcinoma (22, 23) . Previous findings in AFH (5, 7, 18, 19) , and our findings, highlight an additional example of chromosomal promiscuity, demonstrating that AFH and clear cell sarcoma, which are two morphologically, immunophenotypically, and clinically different tumor entities, share the same fusion genes, specifically EWSR1-CREB1 and EWSR1-ATF1. The occurrence of other unknown downstream genetic events might explain the two distinct phenotypes. Interestingly, twin studies in childhood leukemia have well documented that tumor-specific chromosomal translocations are not always able to induce overt disease and that a second hit might be required. For instance, acute lymphoblastic leukemia is initiated by the ETV6-RUNX1 fusion gene, but only the subsequent deletion of 12p, with consequent loss of the nonrearranged ETV6 gene, leads to final clinically evident leukemia development (24) . This intriguing model does not seem to be applicable to clear cell sarcoma. In fact, given that EWSR1-ATF1 knockdown has a growth-suppressive effect on soft agar colonies of clear cell sarcoma cell lines (25) , it is likely that the translocation per se is sufficient for cell transformation in clear cell sarcoma. Although theoretically, the occurrence of additional molecular events could still be invoked to explain the alternative phenotype of AFH, this possibility seems remote. It is more reasonable to hypothesize that the two distinct phenotypes of AFH and clear cell sarcoma might be the result of differentiation programs already present in two different tumor progenitor cells. Among the possible candidate genes involved, M-MITF and SOX10 might be considered. In fact, there is evidence that the M-MITF promoter is transactivated by the EWSR1-ATF1 fusion gene in the presence of SOX10 in clear cell sarcoma cell lines, leading to melanocytic differentiation, tumor cell survival, and proliferation (25) , and that both M-MITF and SOX10 are highly expressed in clear cell sarcoma (15, 26) . Given that M-MITF and SOX10 were not detected in three cases of AFH tested, which were characterized by an EWSR1-ATF1 fusion gene (5, 7) , it is reasonable to think that the EWSR1-ATF1 fusion gene in AFH targets other genes rather than M-MITF. A possible explanation might be found in the putative myoid nature of the AFH precursor cell, which would lack expression of SOX10, which is typically restricted to neural crest -derived cells. However, the scenario becomes more complex when clear cell sarcoma in gastrointestinal locations is considered. In fact, despite the presence of either EWSR1-ATF1 or EWSR1-CREB1, gastrointestinal clear cell sarcomas do not express M-MITF and lacks specific melanocytic markers in the majority of the cases (16) . Furthermore, SOX10 levels in Fig. 3 . A, four-color FISH labeling scheme. EWSR1commercial probe (Zymed) contains a digoxigenin-labeled proximal part and a biotin-labeled distal part and was revealed by a three-step indirect method, which resulted in a EWSR1probe showing a FITC-labeled proximal part (green) and a LaserPro-labeled distal part (red). CREB1proximal probe was directly labeled with Cy5 (magenta), whereas CREB1 distal probes were directly labeled with Cy3 (blue). B, schematic representation of EWSR1-CREB1 rearrangement detected by four-color FISH. Colocalization or fusion of the green signal of the proximal part of EWSR1 with the blue signal of the distal part of CREB1 was expected in the case of EWSR1-CREB1 rearrangement. Due to the balanced nature of the rearrangement, a fusion between the proximal CREB1 (magenta) and distal EWSR1 (red) should be present. C, EWSR1-CREB1 rearrangement detected by four-color FISH. The magenta and blue colocalized signals indicate the normal CREB1 region on chromosome 2, whereas the red and green signals indicate EWSR1 normal region on chromosome 22 (white arrowheads). The green and blue colocalized signals indicate the rearrangement involving proximal EWSR1 region on chromosome 22 and distal CREB1 region on chromosome 2. The colocalization of magenta and red indicates the CREB1-EWSR1 reciprocal fusion gene (blue arrows). one case of gastrointestinal clear cell sarcoma were not significantly different from the levels in non -gastrointestinal clear cell sarcoma by gene expression profiling, suggesting that gastrointestinal and non -gastrointestinal clear cell sarcoma have a common SOX10-expressing neuroectodermal precursor, which in a gastrointestinal location, might have lost the potential to differentiate along the melanocytic lineage (16) . In vitro studies with transfection of the EWSR1-ATF1/CREB1 fusion gene into different cell lineages could potentially help to clarify the pathogenetic mechanism.
In this study, we assessed the prevalence of FUS/EWSR1-ATF1/ CREB1 fusion genes by interphase FISH in a series of 14 cases of AFH. We concluded that the large majority of AFH are characterized by rearrangement of EWSR1 with one member of the CREB/ATF family of transcription factors, the EWSR1-CREB1 fusion gene being the most frequent molecular abnormality. These data point to the potential diagnostic role of molecular testing in a clinical setting. Furthermore, we verified that the EWSR1-CREB1 transcript is identical to the one which characterizes gastrointestinal clear cell sarcoma, strengthening the molecular homology between AFH and clear cell sarcoma.
